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Abstract: The Greater Caucasus is Europe's highest mountain belt and results from the inversion of the Greater Caucasus back-arc-type basin due to the collision of Arabia and Eurasia. The orogenic processes that led to the present mountain chain started in the Early Cenozoic, accelerated during the Plio-Pleistocene, and are still active as shown from present GPS studies and earthquake distribution. The Greater Caucasus is a doubly verging fold-and-thrust belt, with a pro-and a retro wedge actively propagating into the foreland sedimentary basin of the Kura to the south and the Terek to the north, respectively. Based on tectonic geomorphology -active and abandoned thrust fronts -the mountain range can be subdivided into several zones with different uplift amounts and rates with very heterogeneous strain partitioning. The central part of the mountain range -defined by the Main Caucasus Thrust to the south and backthrusts to the north -forms a triangular-shape zone showing the highest uplift and fastest rates, and is due to thrusting over a steep tectonic ramp system at depth. The meridional orogenic in front of the Greater Caucasus in Azerbaijan lies at the foothills of the Lesser Caucasus, to the south of the Kura foreland basin.
The Caucasus orogen lies at Europe's cross-road with Asia and Arabia, and is one of the world's outstanding mountain ranges (Fig. 1) . It is Europe's highest mountain range with Mount Elbrus culminating at 5642 m a.s.l. in the western Greater Caucasus. It consists of the Greater Caucasus (GC), intramontane basins (Kura-Kartli-Rioni; c. 200 m elevation) and the Lesser Caucasus. North of the Greater Caucasus the deep sedimentary Terek and Kuban foreland basin (.6000 m thick; up to 1600 m elevation) form the transition to the Scythian platform. NNW of Mount Elbrus, the Stavropol 'high' forms a basement uplift, and in the east the northern slope is formed by the Dagestan foreland fold-and-thrust belt. The southern Greater Caucasus foreland, SW of Tbilisi is one of the world's earliest sites of human society with 1.8 Ma old hominoid remains of Dmanisi (Georgia) (Lordkipanidze et al. 2007) . The Lesser Caucasus with lower topography (c. 3000 m), is a zone of important volcanic and seismic activity. In the east and west, the Caucasus topography is bound by two very deep sedimentary basins, the South Caspian Sea and the Black Sea, hosting some of the world's largest oil and gas provinces.
The Caucasus orogen is caused by the north directed movement of the Arabian plate squeezing a Jurassic to Early Palaeogene subduction related volcanic arc (Lesser Caucasus) as well as Jurassic to Pliocene marine sedimentary rocks and sediments (northern Lesser Caucasus, substratum of KuraKartli Basins and Greater Caucasus Basin) towards the Scythian plate (Gamkrelidze 1986; Nikishin et al. 2001; Stampfli et al. 2001; Popov et al. 2004; Hafkenscheid et al. 2006; Kazmin & Tikhonova 2006; Sosson et al. 2010) . Recent plate tectonic models and GPS-based convergence rates (Gamkrelidze & Kuloshvili 1998; Vernant et al. 2004; Reilinger et al. 2006; Kadirov et al. 2008) suggest a moderate anticlockwise rotational component of convergence and a complex plate boundary with vertical and horizontal strain partitioning (Jackson 1992 ). Recent convergence rates of up to 14 mm a 21 , strong earthquakes, landslides, active volcanoes, and extreme subsidence and surface uplift rates are indicative for the dynamics of the continent-continent collision. From east to west, the morphological shape and the structural features are strongly influenced by the rotational convergence of the Arabian plate and westward escape of the Anatolian Plate causing distinct tectonic regimes in the Caucasus. The Lesser Caucasus area is dominated at present by a strike-slip regime, whereas the Greater Caucasus is dominated by thrust tectonics with a main NNE -SSW direction of movement. The dominant movement is top to the south in the main range and the southern slopes. Top-to-the-north motion is observed in the areas in the north and in Dagestan.
Hereafter we will present different aspects of Cenozoic and recent tectonics, and tectonic geomorphology, especially based on detailed structural studies carried out over several years in the eastern Greater Caucasus in Azerbaijan. We shall discuss their relevance for understanding the thrust kinematics and the links between tectonics, topography, seismicity and uplift in the Greater Caucasus.
Regional tectonics and geodynamics
The geodynamics of the Greater Caucasus orogen correspond to an intercontinental collision zone inverting a deep Mesozoic -Cenozoic basin (Fig. 2 ) that is not located above a subduction regime, but bordered east and west by super deep sedimentary basins that have their origin in the Mesozoic and are filled with Cenozoic-Quaternary sediments. To the north and south of the Greater Caucasus are the foreland basins of the Terek-Kuban and the Kura-Kakheti-Kartli-Rioni, respectively (Ershov et al. 1999; Mikhailov et al. 1999; Ulminshek 2001; Daukeev et al. 2002; Ershov et al. 2003) ; to the east and west are the Caspian Sea and the Black Sea, respectively (Shikalibeily & Grigoriants 1980; Berberian 1983; Ismail-Zade et al. 1987; Narimanov 1992; Abrams & Narimanov 1997; Mangino & Priestley 1998; Nikishin et al. 1998; Allen et al. 2002; Brunet et al. 2003; Nikishin et al. 2003) . The Lesser Caucasus is situated above an old, possibly detached subduction slab (Hafkenscheid et al. 2006 ). An incipient subduction is believed to have occurred at the northern edges of the Black Sea, whereas in the east the subduction process was already initiated in Pliocene times, when the South Caspian Basin started subducting to the north under the eastern termination of the GC and the Apsheron Ridge Knapp et al. 2004) . The detailed link of the incipient subduction to the structures such as the Main Caucasus Thrust (MCT) in the Greater Caucasus remains to be investigated. The depth of the Moho changes from about 40 km beneath the Kura basin to more than 50 km beneath the eastern Greater Caucasus and rises to 40 km again under the northern foreland basin Ershov et al. 2003) .
The Greater Caucasus is a doubly verging mountain-belt ( Fig. 2) with two external fold-andthrust belts (FTB) and a complex nascent axial zone (Sholpo 1993; Khain 1997) . The main tectonic underthrusting appears to be towards the northsimilarly as the subduction sense in the Lesser Caucasus -creating an overall asymmetry of the mountain range. The southward propagating meridional foreland FTB together with a large part of the axial zone form the pro-wedge (front) of the orogen (Khain 1975; Adamia et al. 1977 Adamia et al. , 1981 Gamkrelidze 1986; Philip et al. 1989; Gamkrelidze 1997; Gamkrelidze & Shengelia 2005) . The KuraKartli and also the Rioni foreland basins are dissected by, and incorporated into, the outward propagating foreland FTB to the south of the main range. Deep seated southward migration of the orogenic front led to the inversion of the Pliocene to Late Pleistocene sediments, and the transport of the Alasani basin (Figs 1 & 3a) as a piggy back basin towards the south.
Unlike in the western Greater Caucasus, a broad north-directed foreland FTB develops in the NE, in Dagestan and is part of the retro-wedge of the orogen (Kopp & Shcherba 1985; Dotduyev 1986; Zonenshain et al. 1990; Sobornov 1994 Sobornov , 1996 Djavadova & Mamula 1999) . The Terek basin since the early Pliocene has subsided more than 4000 m, and recently has exhibited pitted gravels of Early Pliocene age at 1600 m elevation. This northern FTB, similarly to the southern FTB, propagates into the Cenozoic -Quaternary series of the Terek Basin in the Dagestan area (Fig. 2) .
Whereas the axial zone of the Greater Caucasus comprises Jurassic sedimentary rocks (Azerbaijan), a pre-Mesozoic basement (Georgia, Russia), and Pliocene intrusions, both external fold-and-thrust showing the main areas of uplift and tectonic activity. Interpretative model which shows the link between thrusting and topography and seismic activity. The model proposes that due to motion over a ramp system at depth one can achieve fast uplift in narrow zone bound to forward thrust and back-thrust generated over the tectonic ramp.
belts consist mainly of Cretaceous and Cenozoic sedimentary rocks (Khain 1997) . The Greater Caucasus basin has developed in a back-arc setting to the southerly subduction-related volcanic arc of the Lesser Caucasus. Intrusive rocks are frequently found up into the Early Cenozoic, but mainly affect the southern parts of the basin (Sosson et al. 2010) . Volcanoclastic series derived from the Lesser Caucasus volcanic arc are now found imbricated and folded in the southern foothills of the Greater Caucasus where they form distinct tectonosedimentary units (Kangarli 1982 (Kangarli , 2005 . In situ intrusives remain however rare and are associated with igneous activity on the margins to the south of the Greater Caucasus Basin (Mengel et al. 1987; Mustafayev 2001; Chalot-Prat et al. 2007) .
Pliocene to Quaternary igneous activity is observed in the central part of the mountain range, in the border areas between Georgia and Russia (Tchechenia). The most outstanding examples are Mount Elbrus with 5642 m a.s.l. and further East Mount Kazbek (5047 m a.s.l.). These intrusions are mainly late-collisional, subalkaline granitoids that roughly range between 4.5 and 1.5 Ma (Hess et al. 1993; Gazis et al. 1995; Nosova et al. 2005; Lebedev & Bubnov 2006) , and culminate with Quaternary volcanism reaching into the Holocene (Lebedev 2005; Chernyshev et al. 2006) .
Several successive tectonic events are documented in the Greater Caucasus sedimentary record. Precambrian and Palaeozoic (pre-Hercynian and Hercynian) tectonic phases are recorded in the preAlpine basement or Palaeozoic core (for discussion and references see Gamkrelidze & Shengelia 2005; Kazmin 2006; Saintot et al. 2006a, b; Somin et al. 2006) and are followed by palaeotectonic events related to the Tethyan oceans (Palaeo-and Neotethys) (Nikishin et al. 1997; Barrier et al. 2008) . These palaeotectonic events included extensional structures recorded throughout the Mesozoic cover of the Greater Caucasus Basin (Dotduyev 1986 ), but also unconformities thought to result from compressive phases such as the 'Eo-Cimmerian' (Triassic) and the 'Mid-Cimmerian' (CallovianBajocian) which is well documented in northern Azerbaijan (Fig. 4) . The link of the latter unconformity to possible orogenic events remains speculative and debated.
The geometry of the Greater Caucasus sedimentary basin is of passive margin type with numerous Fig. 4 . Cross-section through the Sahdag mountain in north-eastern Azerbaijan. The section highlights the structural style at the northern edge of the mountain range. Thrusting is mainly to the north and of Plio-Pleistocene age. The Sahdag is built by a tectonic klippe that duplicates the Jurassic-Cretaceous series. The tectonic contact between the klippe and the underlying series is possibly a synsedimentary fault associated with the collapse of the carbonate platform during Cretaceous. To the north the Oxfordian overlies discordantly older folded series of the Middle to Lower Jurassic. This unconformity reflects the Mid-Cimmerian event. On the summit of the Sahdag Sarmatian rocks of marine origin document a vertical uplift of some 3700-4000 m. Plio-Pleistocene detrital series including conglomerates are uplifted and folded (seen further east along strike the same structure). Photos: (a) View towards the west on the Sahdag Klippe which is on of the zones of fastest uplift in the whole area. Rocks range from Cretaceous to Jurassic in age. (b) View to the SW from Sahgdüzü (2500 m a.s.l.) to Bazardüzü range which is the highest range in Azerbaijan culminating at more than 4000 m a.s.l. Rocks are mainly of Lower Jurassic (Aalenian) age. tilted blocks. The central part of the orogen -where the oldest series outcrop, and topography is the highest -represents a distal basin between a platform domain to the north and a distant deeper domain with a structural high (tilted block) to the south. The foreland basins associated with the orogenic evolution are filled with Cenozoic and Quaternary sediments. In the south they build on top of the former distal, stretched continental margin (Greater Caucasus Basin), in the north they build on a flexural foreland underlain by a carbonate platform (Ershov et al. 1999) . During the growth of the orogen since the Early Cenozoic the thrust front is propagating out into its own foreland basins. Especially the southern basins develop into a succession of piggyback foreland basins, subsequently and progressively abandoned (relic thrust fronts) as the orogenic front migrates southward. A typical example of an abandoned basin is the Cenozoic-Quaternary Alasani Basin (Philip et al. 1989) (Figs 1 & 3a) .
Distinct tectonic zones, from north to south, are separated by major thrusts (Dotduyev 1986) . They correspond to the original palaeogeographic setup and build upon inherited, pre-existing structures (Egan et al. 2009 ). Lateral correlations and differences can be made between the western region in Crimea (Saintot et al. 1998; Saintot & Angelier 2000; Saintot et al. 2006a) , through Georgia (Gamkrelidze & Rubinstein 1974; Gamkrelidze & Gamkrelidze 1977; Banks et al. 1997) to the Caspian Sea (Kangarli 1982 (Kangarli , 2005 Allen et al. 2003; Egan et al. 2009 ). The Adjara-Trialet FTB in Georgia located to the south of the southern limit of the Greater Caucasus in Georgia (Banks et al. 1997; Gudjabidze 2003 ) is of particular interest since thrusting is top to the North, opposite the direction in the GC (Gamkrelidze & Kuloshvili 1998) .
One of the major structural features in the GC is the Main Caucasus Thrust (MCT) (Dotduyev 1986) . This large thrust can be observed along strike of the mountain belt over a distance of more than 1000 km (Figs 5 & 3) . Displacement on this major thrust fault is top to the South, possibly in excess of 30 km in some places. In the west in Russia and Georgia, the MCT separates the Palaeozoic metamorphic core of the mountain range from the Jurassic cover series to the South. Further east in Georgia, Dagestan (Russia) and Azerbaijan it is found in the core of the orogen, separating rocks of different Jurassic ages. The definition of the MCT used here is according to Dotduyev (1986) . Some recent papers (Kadirov et al. 2008 ) mistakenly label the thrust separating the Alasani Basin from the terrains in higher topographic elevations to the north as MCT. This latter thrust is believed to be a relic thrust front of early Cenozoic age. In eastern Azerbaijan, east of Mount Bazardüzü (the highest summit in Azerbaijan, Fig. 1) , we lose the trace of the MCT and fieldwork has shown that is relayed by a string of fault-related folds.
Active tectonics, convergence and uplift
Earthquakes and active faults
The Greater and Lesser Caucasus are seismically active zones linked to the rapid and non-uniform plate convergence between Arabia and Eurasia (Philip et al. 1989; Jackson 1992; Priestley et al. 1994; Triep et al. 1995; Jackson et al. 2002; Allen et al. 2004 Allen et al. , 2006 (Fig. 1) . The Lesser Caucasus and the adjoining Anatolian Plateau show a predominance of strike-slip focal mechanisms associated with a system of vertical faults. In the Greater Caucasus, on the contrary, convergence is accommodated predominantly by reverse focal mechanisms associated to thrusting with a general north-south to NE-SW compression (Koçyigit et al. 2001; Barazangi et al. 2006; Copley & Jackson 2006; Tan & Taymaz 2006) , see also discussion in (Jackson 1992; Allen et al. 2004) . Slip vectors based on earthquake focal mechanisms show a general top-to-the-south thrusting. Strike -slip mechanisms exist but are rare. Present seismicity is unevenly distributed across the GC (Figs 1 &  3) . A zone with a higher seismic activity is observed on the south slope of the Greater Caucasus west of Tbilisi (Georgia) in the Racha area (Triep et al. 1995) . Studies of focal mechanisms and focal depths show that this seismicity is linked to several active fault strings in the subsurface of the Gagra-Dzhava zone (Triep et al. 1995; Gamkrelidze & Kuloshvili 1998) . They show south directed slip vectors. These faults are located to the south and are structurally in the footwall of the MCT. To the west this fault system links to the MCT precisely where this latter shows an important bend, and is stepping back (to the north) into the mountain range (Figs 1 & 3a, b) . We suggest that the MCT is developing a new splay, and that the higher seismicity in this region is due this propagation of the MCT to the SW and to a lower structural level (Fig. 3a) . To the east this fault system may be correlated with the thrust fault at the front of the Alasani Basin. It is relevant to notice that elsewhere in the Greater Caucasus the largest earthquakes known (earthquakes . magnitude 6, both historical and measured) are all located in the vicinity of the MCT. We interpret this to show the importance of the MCT to the present day in the deformation processes, since large earthquakes occur along large faults accommodating important displacement. The MCT appears to be a major thrust in the development of the Greater Caucasus.
Seismicity is extending into the Middle and South Caspian Sea (Kovachev et al. 2006 ). In Fig. 1) . 8
the Apsheron zone focal mechanisms show NNE-SSW oriented thrusting (Jackson et al. 2002) and seismic activity may be linked with an extension/termination of the Greater Caucasus towards the East and/or with young north-directed subduction of the South Caspian Basin to the North under the Apsheron Knapp et al. 2004) . The seismicity further south as well as in the Gobustan desert area shows a westward component of motion relative to Eurasia, suggesting underthrusting towards the west (Jackson et al. 2002) . Some seismic activity is also seen in the central part of the eastern Greater Caucasus, as well as in the Kura basin. On the northern slopes, the Dagestan FTB and the recent faults in the Terek Basin show a higher concentration of earthquakes pointing to active thrust tectonics in this area.
Studies on palaeoseismology remain rare but confirm the existence of inherited faults and the possible 2000 year recurrence of high magnitude events (Rogozin et al. 2002; Rogozin & Ovsyuchenko 2005) . 21 is transformed into a deformation of 14 mm a 21 with a north-south direction across the Greater Caucasus, mainly the southern part (Vernant et al. 2004) . Detailed studies in Azerbaijan (Kadirov et al. 2008 ) confirm a rotational convergence between Arabian and European plates. Shortening is distributed between the Northern Kura Basin and the outermost thrusts of the Dagestan FTB. Present-day slip rates decrease from 10 + 1 mm a 21 in eastern Azerbaijan to 4 + 1 mm a 21 in western Azerbaijan (Kadirov et al. 2008) . A similar study in Georgia shows the opposite thrust directions between south-dipping thrusts in the Adjara-Trialet FTB and the Greater Caucasus front, which shows relative motion of 6.9 + 1.1 mm a 21 to the SW on north-dipping thrusts (Gamkrelidze & Kuloshvili 1998) . These studies also show a marked change (decrease) in velocities across the MCT. Indeed north of the MCT velocities are almost 0, indicating no longitudinal displacement. All deformation appears to be taken up in uplift.
Convergence and uplift
Across the more or less north -south oriented West Caspian Fault -at the transition Kura basin to Gobustan area near the eastern shores of the South Caspian Sea -a recent study indicates a dextral strike -slip motion and calculates a differential movement of 11 + 1 mm a 21 (Kadirov et al. 2008) .
Uplift/subsidence and tectonics v. topography
Subsidence studies
The Greater Caucasus basin was initiated by Mesozoic back-arc extension related to the subduction of the Tethys Ocean to the south Barrier et al. 2008) . A large part of the subsidence occurred during this rift-related crustal extension, prior to the subsequent Cenozoic mountain building and the subsidence observed both north and south of the Greater Caucasus.
Rapid subsidence occurred there in a foreland basin setting, in different phases during the Cenozoic. The North Caucasus foredeep (Kuban and Terek basins mainly) can be described in three major periods: Early Jurassic to Late Cretaceous related to initial rifting then cooling followed by a Late Cretaceous to Middle Eocene phase of alternating subsidence and uplift as a far field effect of the suturing of the Tethys Ocean to the south (Mikhailov et al. 1999). The period of Late Eocene to present relates to the development of a foreland basin coeval with shortening and uplift in the adjacent Greater Caucasus range. In the Black Sea and South Caspian basins , the much more rapid Pliocene-Quaternary phase of sedimentary infill as well as subduction related subsidence in the north of South Caspian (Egan et al. 2009 ) occurred simultaneously with the asymmetrical subsidence of Caucasus-related molasse basins to the north and south (Ershov et al. 1999 . A crustal/lithospheric -scale model suggests that crustal thickening and removal of lithospheric roots are responsible for supporting the Caucasus Mountains. Subsidence is explained by loading of the lithospheric roots (Ershov et al. 1999) . The Eocene-Early Oligocene phase of subsidence is associated with cessation of subduction in the southern areas of the Lesser Caucasus, while the rapid Middle Miocene to Present subsidence is linked to the final closure and inversion of the Greater Caucasus Basin.
Uplift-exhumation
The Caucasus offers numerous geomorphic field lab conditions to apply classic methods such as terrace deposits studies or 'young' marine sediment age/ altitude studies, palaeogeography and palaeoclimate/environment, and more modern ones such as fission track studies on apatite or zircon. Geomorphologic research (Mitchell & Westaway 1999) and minor thermochronological investigations show a very young heterogeneous rock and surface uplift in the Greater Caucasus. A study on pre-alpine basement rocks shows ages based on apatite fission track studies younger than 68 Ma in agreement with the general idea of an uplift that initiated in the Cenozoic (Kral & Gurbanov 1996) . Patterns of age distributions also indicate uplift of 7-4 Ma in some areas, suggesting a strong influence of recent tectonics in the process of exhumation/ uplift. Studies on cooling history of recent granites in the western central Greater Caucasus show ages between 2.5 and 1.2 Ma and suggest uplift rates of 4 mm a 21 (Hess et al. 1993 ), but thermal modelling difficulties linked to the close vicinity of hot intrusives may significantly modify modelling results leading to overestimates of the uplift rates.
Compilation of uplift amount and uplift rates (Philip et al. 1989; Ershov et al. 2005) , confirm the very young uplift (Fig. 6a, b ) but show uplift rates in excess of 12 mm a 21 , which in light of field evidence (see Mitchell & Westaway 1999 for discussion) seem very fast. However, they consistently show that the fastest and highest uplift is in the centre of the range. A more recent study on apatite fission tracks on the Early Miocene Maikop series of the western Greater Caucasus shows the detrital provenance of the clasts and suggests a minimum Early Oligocene age for subaerial uplift of the mountain range (Vincent et al. 2007 ). Work in progress by our group on apatite fission track data in Azerbaijan, showed similar inherited ages of 12 -56 Ma for samples taken in conglomerates of Pliocene age north of Mount Sahdag (Fig. 4) . Ages of 21.8 Ma from samples taken in Aalenian sandstone in the central part of the range south of Mount Sahdag (Fig. 4) confirm the Cenozoic uplift.
Detailed studies on geomorphology, including the young terraces along the Black Sea and Caspian Sea (Brod 1962; Krasnov et al. 1974) , or the Kura Basin (Shirinov 1973; exist but are all in Russian and difficult to access (Budagov 1969 (Budagov , 1973 Shcherbakova 1973; Shirinov 1975) . One of the most prominent geomorphologic archives directly relating to uplift are the marine and river terraces. Up to 14 levels of terraces are recognized and reach into the valleys of the Greater Caucasus. A terrace at 475 m a.s.l. is given as latest Pliocene in age (Fig. 6c) , and is found along the western shore of the Caspian Sea (in Azerbaijan) and in the Kura basin along the foothill of the Greater and Lesser Caucasus. It reflects the location of the Pleistocene marine coastline corresponding to the Late Akchagyl transgression of the Caspian Sea (Krasnov et al. 1974; Popov et al. 2004) . Its age is given as between 2.5 and 1.8 Ma possibly as young as 1.2 Ma (see Mitchell & Westaway 1999 for discussion and references). This is the same period that the oldest hominids in the Caucasus area were living in the Dmanisi (Georgia) area, near the ocean shores of the eastern Paratethys (Lordkipanidze et al. 2007) . Many other terraces can be seen up to altitudes of 3000 m into the mountain valleys; their potential to help date uplift or show intramontane erosional/depositional processes remains to be investigated. Evidence from river incision of several hundred of metres since the last glaciations suggests uplift rates of 10 mm a 21 (Rastvorova & Shcherbakova 1967) . Similar deep incisions are also observed in Plio-Pleistocene sediment of the Samur river in northern Azerbaijan, however detailed studies need to confirm the fast uplift rates.
The development of palaeo-rivers such as the Kura (Djavadova & Mamula 1999) , Volga, Terek and Samur rivers, and provenance studies have been given great attention in recent years due to oil exploration studies (Reynolds et al. 1998; Guliyev et al. 2003; Morton et al. 2003) . They transport the sediments from their source area to their final sinks. All this development, younger than 10 Ma, possibly even 5 Ma, led to the formation of very high quality reservoirs making the circum Caucasus basins unique oil provinces. The river systems and their deltas also underline the rapid lateral changes between areas with high and low topography or below and above sea-level. The longlived river systems have also left a complex system of terraces, both in the valleys cutting into the mountain belt (mainly parallel and perpendicular to the main structural trend, (Lukina 1981) ). The existence of several levels and ages of river terraces document continued incision possibly due to uplift of the mountain range (Shirinov 1973) . This is also shown by the important cliffs of Quaternary material cannibalized on the northern slopes of the eastern Greater Caucasus near Quba (Figs 1 & 4 ) (Kangarli 1982) . Connecting these 'events' to the different levels and ages of terraces along the (Philip et al. 1989) . High subsidence is occurring in the Kura Basin. (b) Total vertical movement since Sarmatian (10-13 Ma Miocene). Strong subsidence is seen north and south of the eastern termination of the Greater Caucasus in Azerbaijan (Ershov et al. 2005) . (c) Lower Pleistocene coastline -map of coastline (Krasnov et al. 1974) which separates the area of the former marine domain and zone above sea-level with Pleistocene deposits, and area with unknown amount of palaeotopography. Notice the position of Dmanisi (Georgia) where hominid remnants dated back to 1.8 Ma have been discovered. Caspian Sea (Shcherbakova 1973; Mamedov 1997) opens the prospect of quantifying uplift v. subsidence and basin infill.
One of the best data sets to directly quantify uplift are marine sediments such as those of Sarmatian age now found at altitudes of 3700-4000 m a.s.l. such as in the Sahdag area of Azerbaijan (Budagov 1963) (Fig. 4) . Akchagylian marine clays are found in the Budur (localiser) syncline at altitudes of 2000 m a.s.l. in the Azerbaijan Greater Caucasus (Kangarli 1982) . Combined information from different datasets suggest uplift rates between 0.33 and 1.00 mm a 21 for the last 10 Ma in eastern Greater Caucasus (Mitchell & Westaway 1999) but detailed rates for the different periods remain uncertain.
Palaeogeography
During the Cenozoic the Greater Caucasus formed a vast island within the landlocked Paratethys Sea. Detailed palaeogeographic reconstructions indicate that the Greater Caucasus is emerging above sea level as lowland only after the mid Middle Miocene (13 -14 Ma) to grow into a mountain range after Late Miocene (11-10 Ma) to MiddleLate Pliocene 3.4-1.8 Ma) (Popov et al. 2004) . Palaeoclimate studies using spores and mostly pollen from Sarmatian (12-8 Ma), mostly marine sediments, in Georgia north of Tbilisi show the existence of pine forest at moderate to high altitudes and reflecting important climatic changes linked to mountainous topography and orogenic evolution (Shatilova 1992; Shatilova et al. 2008; Kokolashvili & Shatilova 2009 ). Prior to this Mid Miocene period, palaeogeographic reconstructions only indicate lowlands or islands or locally in the western Caucasus area mountainous areas. This is at odds with the fact that tectonic convergence and thrusting started already in Late Eocene times and most likely generated considerable topography. This is corroborated by the fact that important quantities of sediments are deposited in peripheral basins starting in Eocene -Oligocene, and that are most likely sourced in the nascent Greater Caucasus. An early Oligocene uplift is also confirmed by provenance studies and fission track investigations in the Maikop series (Early Miocene) of the western Greater Caucasus (Vincent et al. 2007) .
Tectonic geomorphology
Only a few combined studies on tectonics and geomorphology (Burbank & Anderson 2001; Keller & Pinter 2002; Delcaillau 2004 ) are available in the Greater Caucasus such as an investigation of the Alasani basin on the southern slope of the Greater Caucasus in Georgia (Philip et al. 1989; Triep et al. 1995) . This latter basin, runs parallel to the southern slope of the Greater Caucasus (Figs 1 & 5) and is filled with Pliocene-Quaternary sediments. This basin is bound to the north by one or several thrusts separating it from the steeper slopes rising into the high mountain range (Philip et al. 1989) . To the east in Azerbaijan it can be shown that these faults are thrusting Cretaceous rocks over Oligocene series in the Basqual area (north of the town of Agsu; Fig. 7 ) (Kangarli 1982) . Its front to the south is bound by a thrust-related fold which leads to a sharp topographic drop down to the Kura plain. The Alasani basin is thus an intramontane, piggyback-type basin with a relic thrust front that was active in the Miocene along its northern edge and a frontal thrust which is active in PlioceneQuaternary just south of the basin. In Georgia the Gagra-Dzhava zone located in the southern foothills of the main range is playing a similar role (Gamkrelidze & Gamkrelidze 1977; Dotduyev 1986; Gamkrelidze 1991) . Its structure is similar to the Alasani Basin, but in addition shows somewhat farther travelled outliers of the main range, as is the case in the Basqual nappe structure in Azerbaijan (the eastern equivalent of the Alasani basin).
Further to the south the Quaternary sediments of the northern part of the Kura-Kartli basin are folded and thrusted. Very prominent in the morphology the Karamarian Quaternary Anticline in Azerbaijan (Girdimanchai River -city of Agsu; (Figs 1 & 7) is a large doubly plunging anticline showing well developed water gaps formed by tributaries of the river Girdimanchai (Fig. 7) (Shirinov 1975) . A large asymmetric south-verging anticline is developed over a blind thrust with splays. The water gaps were cut during thrust-related folding and the fast changes in tectonics (leading to local uplift that was not matched by erosion) caused the change to wind gaps for some valleys. In western Azerbaijan the active thrust front extends all the way into the foothills of the Lesser Caucasus, folding alluvial fans and forming gentle topographic highs and tilted terraces.
Vertical faults with a strike-slip motion, are clearly reflected in the morphology as seen in examples from the Lesser Caucasus in Turkey and Georgia, as also discussed from earthquake focal mechanisms (Rebaï et al. 1993; Koçyigit et al. 2001) . The importance of strike -slip tectonics in the Greater Caucasus has been suggested and discussed in many instances, however without conclusive or convincing evidence. Remote sensing studies of lineaments (rivers, and mountains crest, as well as faults (Cloetingh et al. 2007) ) and field investigations on faults with strike -slip movements show a general pattern of NNE -SSW oriented young anti-Caucasian faults cross-cutting all the major fold-and-thrust structures. The general palaeostress orientation resulting from fault kinematic analyses shows a north-south to NNE-SSW oriented compression, with east-west extension and vertical intermediate stress axis confirming that they are recent faults that have suffered no rotation. However, no large-scale vertical faults or fault system crosscutting the whole mountain range could be observed.
Topography and thrusts
Based on a digital elevation model at 90 m we have extracted a contour map (Fig. 5) and superposed the main thrusts bounding the large changes in topography. Many thrusts coincide with changes in topography. In many other instances of topographic changes no thrusts are known, opening the possibility to denominate promising locations for thrusts, which remain to be ground-truthed. The most striking feature is the MCT which forms the southern limit of the zone of highest topography throughout the Greater Caucasus. The relationship topography -thrust trace is even more clearly shown on two topographic profiles through the eastern Greater Caucasus (Fig. 8) . Especially the relic thrust fronts of the Alasani basin and the folds and thrusts of the Karamarian-Kakheti zone stand out from the flat surface of the Kura basin. The morphological changes associated with the present active thrust front at the foothills of the Lesser Caucasus are too small to show on the profiles. A second set of profiles showing the changes in slope emphasize the position of the main thrusts!
The combined use of topography and slope helps to determine the position of the major thrusts which can be refined by the use of more detailed geological maps and satellite imagery (work in progress on a new tectonic map of the Greater Caucasus). This method can be used as a prospective tool to determine active (in combination with seismicity), but also fossil thrusts or orogenic fronts.
The major topographic changes and thrusts can be followed throughout the whole Greater Caucasus.
Discussion and conclusion
New field evidence on thrust geometry, tectonic geomorphology, and tectonics combined with literature data on Cenozoic tectonics in Azerbaijan led us to investigate the relationship between tectonics, topography and uplift in the eastern Greater Caucasus and correlate and expand our findings along strike to the whole Greater Caucasus. † The Greater Caucasus is an intracontinental doubly verging orogen resulting from the inversion of the Mesozoic, rift-related Greater Caucasus basin. 21 over the last 10 Ma. † The Main Caucasus Thrust is a discrete major thrust stretching across the whole Greater Caucasus from the shore of the Black Sea in the west to Azerbaijan in the east. In Azerbaijan and towards the shore of the Caspian Sea the MCT splits into several fault strings and affects a more diffuse zone, where both top-to-the-north and top-to-the-south thrusting is observed. The zone of highest topography, which correlates with the zone of fasted uplift, is bound to the south by the MCT which shows important top-to-the-south movement. To the north this zone is bound by south dipping thrusts with top-to-the-north movement. Detailed cross sections from northern Azerbaijan and insight from the Dagestan FTB suggest that this northverging backthrusting is linked to a thrust ramp system at depth. Thus the zone of highest uplift forms a triangular shaped domain limited to the south by the MCT and to the north by backthrusts. This triangular zone of fast uplift and its associated major topographic/tectonic features can be correlated across the whole Greater Caucasus. Uplift over such a more or less steep ramp system may also explain why we observe such important uplift (a minimum of 3700 m since Sarmatian) in a rather restricted area. † Major displacement has been accommodated along the MCT as suggested from the location of the strongest earthquakes known is the area (.6 Mg). The 1991 earthquake of high magnitude in Georgia in the Racha area, but also by historical earthquakes in Azerbaijan such as in 1667 in the Shamakhi area occur on thrusts located to the south of the MCT. These quakes area in similar structural position on a thrust system structurally beneath and to the south of the MCT and we interpret them as outward (to the south) propagating splays of the MCT. † Progressive southward migration of the thrust front during the Cenozoic formed successive active thrusts that were subsequently abandoned to form relic thrust fronts. The progression is registered in the geomorphology by clear changes in topography, deviation of rivers and water gaps. This is clearly documented in the thrust faults north, than south of the AlasaniBasqual (Basqual is a lateral structural equivalent of Alasani basin in Azerbaijan) structure, followed to the south by the Kartli FTP and the structures such as the Karamarian anticline. The active orogenic front zone, both to the north in Dagestan and to the south in the foothills of the Lesser Caucasus, can be deduced from morphological, structural and seismicity criteria. † Unlike the western Greater Caucasus, the eastern Greater Caucasus is seismically very active. This high seismicity correlates with higher present convergence rates in this area. We suggest that this reflects the continued growth of the foreland basins outboard of the main range into the Quaternary to recent sediment filled foredeeps. Simultaneously, as suggested by earthquakes in the central parts of the orogen, we observe continued growth and uplift in the central part. These zones correlate with the areas of high topographic gradients such as the MCT or other areas west of Tbilisi on the southern slope of the Georgian Greater Caucasus. The difference between east and west is due to different factors such as the east to west decreasing plate convergence rate. But, also the inherited structure possibly plays a major role. Indeed, the basement units present in the west are not observed to the east and this may be interpreted as a difference in the initial palaeotectonic setting that was subsequently differentially inverted during compression. In addition the observed recent magmatic activity in the west may suggest a difference in the crustal or whole lithosphere structure and strength contributing to a different evolution east and west. † Strain partitioning across, and parallel to, the Greater Caucasus is very heterogeneous, both vertically and horizontally. Present day plate convergence as observed from GPS data is oblique with a larger convergence in the East. Overall this convergence converted into a 6-14 mm a 21 horizontal deformation across the Lesser Caucasus and the Greater Caucasus. An important drop in velocities across the MCT in the Greater Caucasus, indicates, in agreement with what we suggest in this paper, that there is no horizontal displacement, but dominantly uplift! The MCT is a main boundary north of which we observe the development of triangular zone of uplift related to an important tectonic ramp system at depth. West of Tbilisi (Georgia) in Racha area seismicity indicates partitioning of strain between the MCT and the thrusts beneath the Gagra-Dzhava zone. As seen from GPS data and tectonic geomorphology the meridional FTB and the thrust front is clearly propagating, but the present activity is the Dagestan FTB and foreland basin. An example of vertical strain partitioning between surface and deeper structures is suggested at the eastern transition of the GC into the South Caspian basin. Here in the Gobustan area GPS data suggest a dextral strike-slip motion along a major fault, the West Caspian Fault, whereas earthquake focal mechanisms suggest a thrust motion to the east which may be linked with westward subduction connected with subduction of the South Caspian Basin.
Clear links between geomorphology, seismicity and tectonics can be observed in the Greater Caucasus. With the exception of the Racha area in Georgia, mainly the eastern Greater Caucasus appears to be active at present. Strain partitioning across the mountain belt is very heterogeneous. In the absence of enough detailed data precise timing and assessment of rates of uplift and deformation and the partitioning of strain into uplift and horizontal deformation, as well as the partitioning between thrusting and strike-slip remain difficult to assess.
